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X
r2Rvl

xvrt+
X
r2Rv

l�1X
k=1

xvr((t+k)modjT j)�1+M

0@1� X
r2Rvl

xvrt

1A ;

t 2 T; v 2 V; l 2 L (5)X
v2V

X
r2Rdp

X
t2T

Avirxvrt � Sdp(i); i 2 Sdp(i) (6)X
v2V

X
r2Rv

Avirxvrt � 1; i 2 N; t 2 T (7)

X
v2V

X
r2Rv

2X
k=0

Avirxvr((t+k)modjT j) � 1; i 2 N2; t 2 T (8)

X
v2V

X
r2Rv

2X
k=0

Avirxvr((t+k)modjT j) � 1; i 2 N3; t 2 T (9)

X
v2V

X
r2Rv

3X
k=0

Avirxvr((t+k)modjT j) � 2; i 2 N4; t 2 T (10)

X
v2V

X
r2Rv

1X
k=0

Avirxvr((t+k)modjT j) � 1; i 2 N5; t 2 T (11)

�v 2 f0; 1g ; v 2 V (12)

xvrt 2 f0; 1g ; v 2 V; r 2 Rv; t 2 T (13)

CQwY QO pw= CQ=@a xm CU= CQ=@a wO pt=W |R=Uxv}tm ẁv R= pOt hOy `@=D
QiU ?=NDv= CQwY QO swO CQ=@a w Qw=vW |oDiy |xQ=H= |xv} Ry Qw=vW ?=NDv=
|xv} Ry "Ovm|t xi=[= hOy `@=D x@ =Q QiU �CNwU |xv} Ry� |v=QQw=vW |xv} Ry
?}mQD uOQm =O}B |rY= hOy 'u}=Q@=v@ "CU= |v=QQw=vW |xv} Ry R= QDW}@ Q=}U@ xQ=H=
OQwt O}OR=@ O=OaD C=U}U-=D xm OyO|t u=v}t]= 2 |x]@=Q "CU= u=ow=v |xv}y@
u=tR ẁtHt xm Ovm|t u}t[D 3 |x]@=Q "OvW=@ xDW=O xQwO l} QO =Q u=WR=}v
|v=tR |xv}W}@ R= Ovm|t |v=QQw=vW |xQwO l} QO Qw=vW l} xm |}=yQiU |xty
,=vt[ w Ovmv Rw=HD 'CU= TQDUO QO |v=UQCtON Qw_vt x@ Qw=vW xm �RwQ x@�

"QiU O}rwD sD} Qwor= Om x@W "1 pwOH
Voyage generation procedure

Create sets of vessels (Vessel Set) with equal sailing speed

For all Vessel Set

Find vessel in Vessel Set with largest loading

capacity, vessel Max

Enumerate all sets of installations (Installation Set)

that ful�ll minimum and maximum requirements on

number of installations in a voyage and their demands

does not exceed the capacity of vessel Max

For all Installation Set

Find a voyage by solving a traveling salesman

problem with time windows starting and ending at the

supply depot where all installations in Installation Set are

visited exactly once

If voyage does not violate minimum and maximum

duration requirements and does not exceed the capacity of

vessel Max

Add voyage to Voyage Set for vessel Max

(Voyage Set[vessel Max])

End If

End For all Installation Set

For all start point and destination pair

For all Installation Set

If set includes start point and destination,

(Installation Set)

Find a voyage by solving a traveling salesman

problem with time windows starting and ending at the

supply depot where all installations in Installation Set are

visited exactly once when start point is visited before

destination

End if

If voyage does not violate minimum and maximum

duration requirements and does not exceed the capacity of

vessel Max

Add voyage to Voyage Set for vessel Max

(Voyage Set[vessel Max])

Add voyage to voyage Set for start point

and destination pair (Voyage Set pair of locations)

End if

End For all start point and destination pair

For all vessels in Vessel Set not vessel Max

For all voyages in Voyage Set[vessel Max]

If voyage does not violate capacity of vessel

Add voyage to Voyage Set[vessel]

End If

End For all voyages

End For all vessels in Vessel Set

End for all Vessel Set

Return all Voyage Sets
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=vY

|U
Ovyt "j}kO pL VwQ |OOa G}=Dv "2 pwOH

j}kO pL VwQ G}=Dv w C=YNWt xr�Ut C=YNWt
|=yQiU |=yQw=vW xv} Ry Opt. gap pm u=tR pL u=tR O}rwD u=tR |=yQiU

n-v-visits-tw-b-pd-npd
xQ=tW

?NDvt ?NDvt ��� �x}v=F� �x}v=F� pOt �x}v=F� =yQiU xOWO}rwD xr�Ut
3 1 94038 0 0 36 0 3 0 06 84 4� 5� 9� 1� 1� 1� 1 1
3 1 97140 0 0 37 0 3 0 07 182 5� 5� 12� 1� 1� 1� 1 2
4 2 194639 0 2 59 2 5 0 09 349 6� 5� 16� 1� 2� 1� 1 3
6 2 209269 0 1 9 1 8 0 1 684 7� 5� 22� 2� 2� 1� 1 4
6 2 0 4 5 4 0 5 1581 8� 5� 28� 2� 2� 2� 2 5
6 2 270777 0 30 28 1 9 2884 9� 5� 33� 2� 2� 2� 2 6
7 3 347836 0 1468 1462 6 5045 10� 5� 38� 2� 2� 2� 2 7
9 3 355744 0 145 129 16 7744 11� 5� 41� 3� 3� 2� 2 8
6 3 368496 0 819 765 54 13381 12� 5� 45� 4� 3� 3� 3 9
�� �� �� �� �� �� 116 18031 13� 5� 49� 4� 3� 3� 3 10
�� �� �� �� �� �� 235 46115 14� 6� 55� 4� 3� 3� 3 11

"OvwW|t OQ=w |[=} Q pOt x@ QiU Qy C=U}U-=D |r=wD w xv} Ry ?r=k QO
12 OwOL� xm@W \UwDt |=yxR=Ov= =D p�=Ut |=Q@ xOWx�=Q= j}kO pL VwQ
p�=Ut |[=} Q pOt Q=@Da= |UQQ@ Qw_vtx@ "OyO|t x�=Q= j}kO ?=wH �|QDWt

"CU= xOt; 2 pwOH QO G}=Dv w CU= xOW pL lJwm O=a@= QO |OOa
V}@ x@ xm@W QO OwHwt |}=} QO |=yOL=w O=OaD '|Div j]=vt R= |[a@ QO
|R} Qxt=vQ@ p�=Ut pL |}=v=wD =@ |Qo}O |=yVwQ x@ R=}v w OUQ|t wmU 30 R=
nQR@ O=a@= pL Qw_vtx@ |}=yVwQ xt=O= QO "CU= nQR@ O=a@= QO |v=@}DWB C=}rta

"OwW|t x�=Q= xr�Ut

xawvtt |wHwCUH sD} Qwor= "4
'|Q}PBh=]av= '|oO=U Ovv=t |}=y|oS} w x@ xHwD =@ xawvtt |wHwCUH sD} Qwor=
T=U= u}=Q@ "CU= xO}J}B p�=Ut pL |=Q@ |@U=vt ?=NDv= '=y?=wH C}i}m w C=@F
xQy@ xawvtt |wHwCUHQO xOW x�=Q= ?wJQ=J R= |O=yvW}B sD} Qwor= |L=Q] QO

"CU= xOW xDiQo

sD} Qwor= |iQat "1"4
|x}=B C=} Q_v w OQm |iQat =Q sD} Qwor= u}= 1986 p=U QO 26Q*wwro \UwD Q=@ u}rw=
|xawvtt |wHwCUH sD} Qwor= K} QWD x@ xt=O= QO "OW pt=m 27uUvy \UwD u;

"OW Oy=wN xDN=OQB xOWx�=Q=

?=wH uOw@|vOW \}=QW w ?=wH V}=tv |xk} Q] "2"4
'=yQw=vW |R} Qxt=vQ@ |xr�Ut |xOvvmxO}J}B |=yC}OwOLt w =y|oS} w x@ xHwD =@
Ovv=t |D=aq]= "CU= Q=OQwNQ@ |}=RUx@ C}ty= R= ?=wH V}=tv xDWQ h} QaD
w QiU Qy QO =yO}OR=@ |r=wD 'Qw=vW Qy x@ \w@ Qt |=yQiU 'xO=iDU= OQwt |=yQw=vW

"OwW xO=O u=Wv xDWQ \UwD O}=@ xm CU= |D=aq]= QiU Qy CmQL u=tR
%R= Ov=CQ=@a Ovm Rw=HD =yv; R= O}=@v |vOW ?=wH xm |}=yC}OwOLt

&�Ov=x@=WtQ}e =yQw=vW� QiU Qy QO =yQw=vW C}iQ_ C}OwOLt "1

?r]t u}= Qou=}@ 4 |x]@=Q "OQ}o@ l} Q=Okt �v OW=@ xOW xO=iDU= v Qw=vW R= Qo =
|v=UQCtON |v=@}DWB |xrmU= QO t RwQ QO xm |v=@}DWB |=yQw=vW O=OaD xm CU=
x@ Qw=vW xm |v=tR =D Ovm|t u}t[D 5 |x]@=Q "Ovmv Rw=HD xrmU=C}iQ_ R= OvwW|t
CQwYu}=x@ C}OwOLt u}= "Ovmv R=e; =Q |O}OH QiU 'CU= xDWovR=@ |v=@}DWB Q=@v=
w (t) Ovm|t R=e; =Q OwN QiU Qw=vW xm |RwQ |=yxvrt ẁtHt xm Ovm|t pta

"OW=@ l} =@ Q@=Q@ Ot=Hv=|t pw]x@ QiU xm |}=yRwQ
|WN@ u}t-=D Qw_vtx@ |}=} QO OL=w l} R= |Q}oQ=@ x@ \w@ Qt 6 C}OwOLt
C=U}U-=D xm OyO|t u=v}t]= C}OwOLt u}= "CU= Qo}O |}=} QO OL=w |=[=kD R=
C=U}U-=D R= =[=kD R= |WN@ xm �� (Sdp) u=WR=}v OQwt |=yO}OR=@ O=OaD OYkt
C}OwOLt u}= OYkt w -=O@t GwR Qy |=Q@ "OvW=@ xDW=O =Q �� OwW|t u}t-=D |Qo}O

"OQ=O OwHw
|v=tR ji= QO =yCmQL CN=wvm} `} RwD x@ \w@ Qt =yC}OwOLt R= |O=OaD
pw] QO |}=} QO |=yOL=w R=}v OQwt O}OR=@ O=OaD x@ xHwD =@ =yC}OwOLt u}= "OvDUy
xm OvDUy |D=U}U-=D pt=W N5 w N4 'N3 'N2 |=yxawtHt "OvwW|t u}}aD xQwO

"OvQ=O R=}v xDiy QO O}OR=@ 5 w 4 '3'2
OL=w OYkt x@ CmQL l} |xv}W}@ t RwQ QO xm Ovm|t u}t[D 7 C}OwOLt
|v=@}DWB |xrmU= R= Qw=vW l} QiU ẁQW CmQL R= Qw_vt "OwW s=Hv= i |}=} QO
|=Q@ C}OwOLt u}ty "OwW|t O}OR=@ Q_v OQwt |}=} QO OL=w QiU u; QO xm CU=
|=Q@ 8 C}OwOLt "CU= |i=m 'OvQ=O R=}v xDiy QO O}OR=@ 7 =} 6 xm |D=U}U-=D
xU Qy QO xm Ovm|t u}t[D 'OvQ=O R=}v xDiy QO O}OR=@ wO xm |}=} QO |=yOL=w
xm |}=} QO |=yOL=w |=Q@ 9 C}OwOLt "OW=@ xDW=O OwHw CmQL l} QFm =OL RwQ
CmQL l} pk=OL RwQ xU Qy QO xm Ovm|t u}t[D 'OvQ=O R=}v xDiy QO O}OR=@ xU
QO O}OR=@ Q=yJ xm |}=} QO |=yOL=w |=Q@ 10 C}OwOLt u}vJty "OW=@ xDW=O OwHw
OwHw CmQL wO pk=OL xRwQ Q=yJ |xQwO Qy QO xm Ovm|t u}t[D 'OvQ=O R=}v xDiy
|}=} QO |=yOL=w |=Q@ xm OyO|t u=v}t]= 11 C}OwOLt C}=yv QO w OW=@ xDW=O
"OW=@ xDW=O OwHw CmQL l} pk=OL RwQ wO Qy OvQ=O R=}v xDiy QO O}OR=@ GvB xm
|=yC}OwOLt "OvDUy l} w QiY |=yQ}eDt x@ \w@ Qt 13 w 12 |=yC}OwOLt
x@ \w@ Qt |=yQiU w |}=Hx@=H Q=Okt 'p} wLD w |Q}oQ=@ Q=Okt '|v=tR |xQHvB
=yC}OwOLt u}= w p=ta= �=yQiU O}rwD� pw= |xrLQt QO C=U}U-=D u}@ |}=Hx@=H
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|o}=Uty O=H}= Q=mwR=U "4"4
'29|}=Hx@=H|=yQorta|xr}Uwx@ xm|OQix@ QYLvt|=y|o}=Utys=tD xrLQtu}= QO

"OvwW|t xQ}NP CUQyi l} QO 'OvwW|t O=H}= 2-opt w 30Z} waD

?U=vt ?=wH ?=NDv= w x}=Uty |=y?=wH |@=} RQ= "5"4
|v=QQw=vW w =yQw=vW |xQ=H= |xv} Ry pt=W �� xv} Ry Q=}at |o}=Uty Qy |=Q@
xOWO}rwD |=y|o}=Uty O=} R Q=}U@ O=OaD x@ xHwD =@ "OwW|t x@U=Lt �� =yQiU
|iQ] R= "CU= sRq =y|o}=Uty s=tD |xv} Ry Q=}at |x@U=Lt |=Q@ |O=} R u=tR
|xv}y@ l} QO sD} Qwor= 'OvDUy l}ORv Qo}Om} x@ =y|o}=Uty R= |Q=}U@ uwJ
"CU= sRq u; R= GwQN |=Q@ |O=} R Q=QmD O=OaD xm|Qw]x@ ODi=|t s=O x@ |rLt
OQ@y=Q u}= "CU= xOW xO=iDU= =yxv} Ro CUQyi OQ@y=Q R= pmWt u}= Q@ x@re |=Q@
sD} Qwor= CmQL CaQU u}vJty w sD} Qwor= Q=QmD Qy R=}v OQwt u=tR |QF-wt Qw]x@

"OWN@|t Ow@y@ =Q �?=wH x@ uO}UQ |=Q@ sRq |=yQ=QmD O=OaD�
xOWO}rwD |=y|o}=Uty CUQyi R= xm OwW|t |R=UxO=}B xvwou}= OQ@y=Q u}=
|xR=Ov= x@ |o}=Uty u; R= w OwW|t ?=NDv= |iO=YD OOa l} p@k |xrLQt QO
=yv; u} QDy@ w OvwW|t |@=} RQ= u; R= TB |=y|o}=Uty '=yxv} Ro CUQyi pw]

"OwW|t ?=NDv= O}OH ?=wH u=wvax@

xawvtt CUQyi w =y?=wH |R=Us=ovy@ "6"4
?=wH u=wvax@ =yxv} Ro CUQyi R= xOWxDi=} |o}=Uty u} QDy@ sD} Qwor= Q=QmD Qy QO

"OvwW|t O}rwD u; |=y|o}=Uty w ?=NDv= 31|rai
|R=UxO=}B Qw_vtx@ "OQ}o|t Q=Qk xawvtt CUQyi QO |o}=Uty u; O}rwD Qorta

"CU= xOW xO=iDU= 32 FIFO CU=}U R= C}awvtt

|rLt |wHwCUH "7"4
w xrmU= C}iQ_ C}OwOLt RHx@ =yC}OwOLt s=tD xm |@=wH u} QDy@ uwvm =D

"CU= xOt; CUOx@ 'Ovm|t =[Q= =Q =yCmQL CN=wvm} `} RwD |=yC}OwOLt
OwW|t xO=iDU= |vOWv |=y?=wH x@ uO=ORwHt OQ@y=Q R= xrLQt u}= QO
l} '|o}=Uty Qy |=Q@ u}W}B |=yC}OwOLt Q}=U |UQQ@ R= TB xm CQwYu}=x@
5 'xrmU= C}iQ_ 4 Q}_v 33|=yC}OwOLt =@ w hOy `@=D uwO@ X}YND pOt
x@ \w@ Qt xm �11 |r= 7� |=yC}OwOLt w O}OH QiU ẁQW R= p@k Qw=vW CWoR=@
|vOW ?=wH Qo = 'pOt pL R= TB "OwW|t pL 'OvDUy =yCmQL CN=wvm} `} RwD
xi=[= ?=wH u}= |=Q@ xOt;CUOx@ |xv} Ry x@ xt} QH u=wvax@ |Q=Okt OWv Ci=}
l} |wHwCUH x@ ?=wH u} QDy@ |=y|o}=Uty QO sD} Qwor= 'u}=Q@=v@ "OwW|t

"OR=OQB|t pw@k p@=k |xv} Ry =@ |vOW ?=wH

&�OvDUy pw@k p@=k xRwQ 3 w 2 |=yQiU =yvD� QiU Qy u=tR COt C}OwOLt "2
&xQwO QO Qw=vW |v=UQCtON pm u=tR C}OwOLt "3

&�|}=} QO OL=w '|D=}rta pmO� |QDWt Qy R=}v OQwt O}OR=@ O=OaD C}OwOLt "4
&=y|QDWt u}@ p} wLD w |Q}oQ=@ u=mt= C}OwOLt "5

&|v=@}DWB |xrmU= C}iQ_ C}OwOLt "6
"xQwO QO =yCmQL CN=wvm} `} RwD |=yC}OwOLt "7

xDN=OQB u; K} QWD x@ xt=O= QO xm CU= xOW xO=O u=Wv 3 pmW QO ?=wH xDWQ
"OwW|t

Oy=wN |v=QQw=vW Q_=vDt Qw=vW |xr}Uwx@ xm |}=yQiU |r=wDt �-1� wO u}@
QiY OOa w OyO|t u=Wv =Q =yO}OR=@ |r=wD O=Oa= ?}DQD "OwW|t xO=O V}=tv 'OW
R= TB w CU= xO}UQ u=}=B x@ QiU |va} CU= |v=@}DWB |xrmU= |xOvyOu=Wv
xQwO QO Qw=vW |=yQiU |xOvvmR}=tDt QiY "OW Oy=wN R=e; |Oa@ QiU '|R=UxO=t;
'OW=@ =yv; u}@ QiY =yvD =} OW=@ xDW=Ov OwHw |OOa |r=wDt �-1� wO u}@ Qo = "CU=
?=wH |=[i xO=U CQwYx@ xDWQ u}= "CU= xOWv xO=iDU= Q}_v Qw=vW R= |va}
|r=wD Qy =@ QiU Cw=iDt O=OaD '=yQw=vW s=tD |=Q@ "OyO|t VWwB pt=m Qw]x@ =Q

%=@ CU= Q@=Q@ xDWQ pw] |xv}W}@ "CU= V}=tv p@=k umtt

Max array lengh =
nX
i=1

visit(i) + (V + 1) + 2V

%R= CU= CQ=@a xm
&(1; :::; n) xQwO QO |}=} QO C=U}U-=D R=}v OQwt |=yO}OR=@ ẁtHt ��

&�=yl} |ivt O=OaD� 1 + OvwW ?=NDv= Ovv=wD|t xm |}=yQw=vW O=OaD ��
'u}=Q@=v@ &Ovm |v=QQw=vW |}xDiy l} |xQwO QO QiU 3 Ov=wD|t QFm =OL Qw=vW Qy ��
QO =yQw=vW s=tD Qo = "CU= QiY wO QFm =OL OvtR=}v ?=wH xDWQ QO Qw=vW Qy

"Ow@ Oy=wN OwHwt QiY =yQw=vW O=OaD Q@=Q@ wO OvwW xO=iDU= x}rw= ?=wH
u=tR xOW ?=vDH= |oO}J}B p}rOx@ ?=wH xDWQ QO u; V}=tv R= xm |oS} w =yvD
CN=wvm} `} RwD w xrmU= C}iQ_ |=yC}OwOLt xm|Qw]x@ CU= QiU Qy ẁQW
X}YND pOt l} R= xO=iDU= =@ ?=wH uOw@|vOW "OvwW C}=aQ xQwO QO =yCmQL
`} RwD w xrmU= C}iQ_ |=yC}OwOLt =@ hOy `@=D uwO@� xQwO |=yRwQ x@ =yQiU

"CU= |UQQ@ p@=k |tm Q=}U@ u=tR QO w |DL=Q x@ �=yCmQL CN=wvm}

x}rw= ?=wH O=H}= "3"4
O=H}= |=Q@ |}xO=U VwQ x@ R=}v xr�Ut O=} R |=yC}OwOLt w |oO}J}B x@ xHwD =@
u} QDl}ORv sD} Qwor= R= xO=iDU= =@ x}rw= ?=wH =Hv}= QO "CU= |vOW ?=wH l}

"OwW|t O=H}= 'OwWv Zkv |D}OwOLt I}y xm |}xvwox@ 28|o}=Uty
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|=yQiU xawtHt x@ QiU u; 'Ovmv Rw=HD Q_v OQwt Qw=vW C}iQ_ R= QiU Qy
&OwW|t xi=[= Qw=vW

QiU |x}=B Q@ pOt pL %swO |xrLQt "2"1"5
xOWx�=Q= K}LY OOa |R} Qxt=vQ@ pOt x@ |OwQw u=wvax@ xOWO}rwD |=yQiU "9 s=o

"OwW|t pY=L ?=wH pOt pL =@ w OvwW|t xO=O "2"3 CtUk QO

pL |=yVwQ |@=} RQ= w |OOa G}=Dv "6
|R} Qxt=vQ@|xr�Ut R=|ak=w|=yxvwtv|xr}Uwx@ xOWx�=Q=|=ypLVwQVN@u}= QO
Cr=L xm Ov=xOW x�=Q= |}xvwox@ xvwtv p�=Ut "OvwW|t |@=} RQ= |v=@}DWB |=yQw=vW
|ak=w \}=QW QO xO=iDU= |=Q@ "OvW=@ xr�Ut |ak=w \}=QW Qou=}=tv w xDW=O |twta
=@ w |}=} QO |=yOL=w u}@ |}=Hx@=H w |DWoQ@ C=v=} QH uOQm^=Lr uwO@ =OD@=
=yQw=vW w OwW|t pL xr�Ut �QDW}@ u=v}t]= Qw_vtx@� �20 |i=[= QwDm =i l}
l} uOWxi=[=� |tyt C=Q}}eD xm|v=tR =D |OQ@y=Q s}tYD u}= "OvwW|t ?=NDv=
xm@W QO �"""w G=QNDU= x@ |Q=iL R= OL=w l} C=}rta Q}}eD 'xm@W x@ |}=} QO OL=w
xr�Ut '|rta \}=QW =@ j@=]t xDiy Qy |=Q@ TBU "Ow@ Oy=wN Q@Dat 'OQ}ov CQwY

"�|m}Dm =D K]U� OvwW|t XNWt =y|Ov@u=tR w =yQ}Ut w OwW|t pL
O=OaD "CU= ẁvDt |}=} QO OL=w 14 =D 4 R= xm@W |xR=Ov= xOWx�=Q= p�=Ut QO
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w CU= Qw=vW |=yC}r@=k Qo}O w C}iQ_ x@ xDU@=w =yv; |oDiy |xQ=H= |xv} Ry w

"CU= QqO Q=Ry 130 =D Q=Ry 70 R=
|x_i=L w intel Core i5@2 67 GHz |xOvR=OQB =@ |}xv=}=Q |wQ Q@ G}=Dv
GAMS 24Q=Ri= sQv\}Lt QOK}LYOOa|R} Qxt=vQ@ pOt "CU=xOWs=Hv= 4GB

sD} Qwor= w =yQiU O}rwD sD} Qwor= u}vJty w CPLEX |xOvvmpL R= xO=iDU= =@ w
w xDWwv Visual Studio 2013 Q=Ri=sQv R= xO=iDU= =@ C# u=@ R x@ |Q=mD@==Qi

"CU= xOW =QH=

j}kO pL VwQ R= pY=L |OOa G}=Dv "1"6
"CU= xOW xO=O u=Wv 2 pwOH QO xOWx�=Q= p�=Ut pL R= xOt; CUOx@ G}=Dv
CU= xOW xO=O V}=tv n-v-visits-tw-b-pd-npd CQwYx@ xr�Ut C=YNWt
Ovv=wD|t xm |}=yQw=vW O=OaD v '�=y|QDWt� |}=} QO |=yOL=w O=OaD n ?}DQDx@ xm
|xQHvB x@ xm |}=} QO |=yOL=w O=OaD tw '=yO}OR=@ ẁtHt visits 'OvwW ?=NDv=
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Q_v QO x}v=F 15000 =@ Q@=Q@ max.CPU time p�=Ut u}= QO "CU= xOW?=NDv=

"CU= xOW xDiQo

hkwD \QW "8"4
%CU= xOW xO=iDU= Q} R \QW wO R= sD} Qwor= hkwD |=Q@

R= u; |xv} Ry Cw=iD xm OwW pY=L |@=wH '|rLt |wHwCUH |xrLQt QO "1
Q=Okt w CU= xr�Ut |=yQDt=Q=B R= gap Q=Okt "OwW gap R= QDtm u}}=B u=Qm
?=wH u} QDy@ u}}=B u=Qm "OW=@ u}}=B u=Qm OY QO OvJ CQwYx@ Ov=wD|t u;

"CU= |rLt |wHwCUH R= p@k xOWCi=}
CQwY u}= QO "OUQ@ |v}at O=OaD x@ |rLt |wHwCUH |rm |=yQ=QmD O=OaD "2

"OwW|t x�=Q= xOt;CUOx@ |vOW ?=wH u} QDy@

|Q=mD@= sD} Qwor= "5
p�=Ut R= |[a@ QO 'OOaDt Cwk \=kv uDW=O OwHw =@ xOWx�=Q= |Q=mD@==Qi sD} Qwor=
OwW|t xm@W x@ Qw=vW l} uOQmxi=[= Ea=@ |tm |=]N xm |ak=wt QO xOWpL
u=Wv xv}y@ Q=Okt x@ C@Uv |O=} R |=]N OQ=O Q=Qk |U=UL RQt QO xv}y@ ?=wH w
|O=} R u=tR OvtR=}v xm@W nQR@ |=yxR=Ov= =@ |r�=Ut pL |=Q@ 'xwqax@ &OyO|t
xm |Q=mD@= sD} Qwor= l} p}rO u}tyx@ "CU= pL |=Q@ �x}v=F 10000 R= V}@�
pL u=tR w CkO R= xm xOW x�=Q= CU= |Q=mD@==Qi VwQ w j}kO VwQ R= |@}mQD

"CU= Q=OQwNQ@ xr�Ut pL |=Q@ |@ wN
sD} Qwor= pw= |xrLQt |=yQ=QmD R= TB xm CU= CQwYu}=x@ VwQ u}=
'|rLt |wHwCUH |=QH= R= p@k w 5 CtUk QO xOWx�=Q= |xawvtt |wHwCUH
|=yQiU R= w Ovm|t xQ}NP =Q xOt;CUOx@ |=y?=wH u} QDy@ R= ?=wH n O=OaD
QO xOWx�=Q= j}kO VwQ swO |xrLQt |=Q@ |OwQw u=wvax@ =yu; |xOvyOp}mWD
l}ORv ?=wH K}LY OOa |R} Qxt=vQ@ pOt pL =@ w Ovm|t xO=iDU= "2"3 CtUk
|Q=mD@= pL VwQ K} QWD x@ xt=O= QO "OyO|t x�=Q= ?U=vt u=tR QO =Q xv}y@

"s} R=OQB|t

xOW x�=Q= |Q=mD@= sD} Qwor= |=ys=o "1"5
QiU O}rwD %pw= |xrLQt "1"1"5

j@] 'Ow@ Ovy=wN xr�Ut ?=wH |xOvyOp}mWD xm xv}y@ |=yQiU O}rwD Qw_vtx@
%OwW|t pta Q} R |=ys=o

C}iQ_|=yC}OwOLtuwO@ xOWx�=Q=|xawvtt|wHwCUHsD} Qwor=|=QH= "1 s=o
&=yCmQL CN=wvm} `} RwD w xrmU=

Q@=Q@ sD} Qwor= QDt=Q=B n� xOWxDi=} |=y?=wH u} QDy@ R= ?=wH n |xQ}NP "2 s=o
&�1000 =@

u=wva x@ xQ}NP w =y?=wH u}= |xOvyOp}mWD |=yQiU |R=U=OH "3 s=o
&xm@W R= |}=yxawtHtQ} R

&|Q=QmD |=yxawtHtQ} R hPL "4 s=o
&OQix@ QYLvt |xawtHtQ} R Qy |=Q@ |v=tR |xQHvB =@ TSP pL "5 s=o

&=y|QDWt u}@ p} wLD w |Q}oQ=@ |=Q@ ?U=vt |=yxawtHtQ} R ?=NDv= "6 s=o
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x�=Q= O=} R |=]N =@ |}=y?=wH �9 w 6� p�=Ut R= |O=OaD QO =t= "CU= xO=O u=Wv
?=wH xm|Qw]x@CU= T=UL RQtl} QO xv}y@ ?=wH uDiQo Q=Qk p}rOx@ xm OyO|t
QDW}@ w OwW|t ?=wH x@ Qw=vW l} uOQmxi=[= ?@U |@=} Q}Ut QO sm |=]N =@
xr�Ut nQR@ O=a@= QO u}vJty "CU= xOW xi=[= Qw=vW |xv} Ry x@ \w@ Qt =]N u}=
sD} Qwor= =Q u; u=wD|t xm |Q=mD@= VwQ "OQ=Ov |rw@k p@=k pL u=tR �4 pwOH�
|@U=vt |}=Q=m w xOQm hQ]Q@ =Q ?}=at u}= O}t=v xDi=}Ow@y@ |xawvtt |wHwCUH
xawvtt |wHwCUH VwQ QO pL u=tR QDW}@ "CU= xO=O x�=Q= p�=Ut pL QO
=QH= |Q=mD@= VwQ QO xrLQt u}= xm CU= |rLt |wHwCUH |xrLQt x@ \w@ Qt
u}@ |}=Hx@=H w |DWoQ@ u=} QH uwO@ xr�Ut u}= nQR@ O=a@= pL VwQ =yvD "OwW|tv
u=Q=mty w wW}=W |xr}Uwx@ xOW x�=Q= |o}=Uty |wHwCUH sD} Qwor= C=U}U-=D

[20]"CU= xOW xO=O u=Wv 5 pwOH QO u; pL u=tR xm CU=

O=a@= =D |r�=Ut |=Q@ j}kO pL VwQ |}=v=wD ' 2 pwOH QO xOW x�=Q= G}=Dv
"OyO |t u=Wv =Q |}=} QO OL=w xOR=wO xv}W}@

|Q=mD@==Qi w |Q=mD@= pL |=yVwQ |@=} RQ= "2"6
w xOW =QH= 2 pwOH QO xOWx�=Q= p�=Ut '|@} QkD pL |=yVwQ |@=} RQ= Qw_vtx@
nQR@ O=a@= QO |r�=Ut KQ] =@ u}vJty "OwW|t xU}=kt j}kO VwQ =@ pY=L G}=Dv
|UQQ@ |Q=mD@= w |Q=mD@==Qi |=yVwQ |}=Q=m VwQ wO R= pY=L G}=Dv |xU}=kt w
\UwD \UwDt w lJwm O=a@= =@ p�=Ut pL R= pY=L G}=Dv 3 pwOH "OwW|t

"OyO|t u=Wv =Q |Q=mD@= w |Q=mD@==Qi sD} Qwor=
"CU= xOW xO=O u=Wv 4 pwOH QO nQR@ O=a@= p�=Ut pL R= pY=L G}=Dv
xOW hkwDt Q=QmD 50 |=QH= R= TB xawvtt |wHwCUH sD} Qwor= p�=Ut u}= QO

"CU=

"� < 0 1 j}kO VwQ =@ =yv; |xU}=kt w |Q=mD@= w |Q=mD@==Qi VwQ G}=Dv "3 pwOH
|Q=mD@= VwQ xawvtt |wHwCUH sD} Qwor= xr�Ut C=YNWt

|=]N u} QDy@ |=]N \UwDt u=tR Qw=vW |=]N u} QDy@ |=]N \UwDt u=tR
n-v-visits-tw-b-pd-npd

xQ=tW
\UwDt �OYQO� ?=wH (s) O=R=t \UwDt �OYQO� ?=wH (s) xr�Ut

0 0 1 6 0 � � 6 7 4� 5� 9� 1� 1� 1� 1 1
� 0 2 4 0 � � 9 7 5� 5� 12� 1� 1� 1� 1 2
0 0 3 4 0 � � 15 6� 5� 16� 1� 2� 1� 1 3
0 0 5 1 0 � � 29 5 7� 5� 22� 2� 2� 1� 1 4
0 0 7 7 0 0 3 � 41 5 8� 5� 28� 2� 2� 2� 2 5

0 2 0 35 1 25 23 69 9� 5� 33� 2� 2� 2� 2 6
� 0 60 0 1 � 74 10� 5� 38� 2� 2� 2� 2 7
� 0 85 0 3 1 260 11� 5� 41� 3� 3� 2� 2 8

0 4 0 2 184 1 33 30 222 12� 5� 45� 4� 3� 3� 3 9
\UwDt xv} Ry u} QDy@ \UwDt u=tR OYQO xv} Ry xv} Ry u} QDy@ \UwDt u=tR j}kO ?=wH xQo 12 R= QDoQR@ O=a@= |=Q@
xv} Ry �QqO� �x}v=F� hqDN= \UwDt �QqO� �x}v=F� "CU}v OwHwt

485163 482362 420 0 8 496497 486354 507 13� 5� 49� 4� 3� 3� 3 10
497734 494986 583 1 7 528924 503645 836 14� 6� 55� 4� 3� 3� 3 11

"nQR@ O=a@= QO |v=@}DWB |=yQw=vW |R} Qxt=vQ@ p�=Ut G}=Dv "4 pwOH
|Q=mD@= sD} Qwor= xawvtt |wHwCUH sD} Qwor= xr�Ut C=YNWt

Qw=vW xv} Ry u=tR R= hqDN= Qw=vW xv} Ry u=tR
n-v-visits-tw-b-pd-npd

xQ=tW
QiU �QqO� �x}v=F� ?=wH u} QDy@ QiU �QqO� �x}v=F� xr�Ut

4� 10 490845 634 3576� �0 7 4� 12 494421 1080 15� 10� 58� 3� 3� 3� 3 12
5� 13 625514 701 3990� �0 8 5� 13 629504 2850 20� 10� 75� 5� 4� 4� 4 13
6� 16 783020 792 71604� �9 1 6� 18 854624 15700 25� 10� 91� 5� 5� 5� 5 14
6� 17 789524 849 �� �� �� �� 26� 10� 95� 5� 5� 5� 5 15
6� 18 804195 920 �� �� �� �� 27� 10� 100� 5� 5� 6� 6 16
6� 18 834454 998 �� �� �� �� 28� 10� 103� 5� 6� 6� 6 17
7� 19 958680 1011 �� �� �� �� 29� 10� 107� 6� 6� 6� 6 18
7� 20 973125 1013 �� �� �� �� 30� 10� 111� 6� 6� 6� 6 19
7� 20 974347 1080 �� �� �� �� 31� 10� 113� 6� 6� 6� 6 20
7� 21 984792 1133 �� �� �� �� 32� 10� 115� 6� 6� 6� 6 21
8� 22 1133913 1378 �� �� �� �� 33� 10� 117� 7� 7� 7� 7 22
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|=Q@ "CU=Q=O =Q \UwDt O=a@= =D xr�Ut pL |}=v=wD j}kO pL VwQ "OW x�=Q=
|Q=mD@= sD} Qwor= w xawvtt |wHwCUH |Q=mD@==Qi sD} Qwor= 'xr�Ut QDnQR@ O=a@=
w lJwm p�=Ut QO� j}kO VwQ =@ xU}=kt QO |Q=mD@= sD} Qwor= "CU= xOW x�=Q=
xr�Ut nQR@ O=a@= QO u; pL u=tR w CU= Q=OQwNQ@ �0 5 R= QDtm |=]N R= �\UwDt
xr=kt |=y|Qw;wv "CU= QDy@ |Q=mD@==Qi VwQ R= ?D=Qt x@ �x}v=F 1400 QFm =OL�
sD} Qwor= x�=Q= w C=U}U-=D u}@ |}=Hx@=H u=mt= w |DWoQ@ u=} QH |x_Lqt pt=W
O=} R |=yxv} Ry x@ xHwD =@ "CU= |Q=mD@= sD} Qwor= w xawvtt |wHwCUH |Q=mD@==Qi
Ov=wD|t j}kLD u}= R= pY=L |R} Qxt=vQ@ CU=}U R= |Q}oxQy@ |v=@}DWB |=yQw=vW
"OW=@ xDW=O |B QO R=owCiv CavY CUOq=@ l}DUHr QO =Q |O=} R |} wHxiQY
C}y=t p}rOx@ xm CU= |D=}rta |xr�Ut u}= syt |=y|oS} w R= C}a]k sOa
QO "O};|t OwHwx@ |D=}rta xk]vt |wH \}=QW |Q=O}=B=v w =yC=}rta |iO=YD
Q_v QO u}vJty "Ow@ Oy=wN C}ty= R�=L =yxO=O C}a]k sOa Q@ RmQtD xOv}; C=ar=]t
Ov=wD|t O}OH |=ysD} Qwor= |xaUwD w |v=@}DWB |xrmU= u}OvJ =@ xr�Ut uDiQo

"OwW |UQQ@

[20]"u=Q=mty w wW}=W |o}=Uty |wHwCUH sD} Qwor= G}=Dv "5 pwOH
xr�Ut C=YNWt O=OaD O=OaD pL u=tR
n-v-visits-tw =yQw=vW =yQiU �x}v=F�

26� 11� 94� 5 6 14 12712
27� 11� 98� 5 7 15 10403
28� 11� 102� 5 7 17 22584
29� 11� 108� 5 7 17 10366
30� 11� 114� 5 7 18 12148
31� 11� 115� 6 7 18 14557

|Q}oxH}Dv "7
Ovv=t |ak=w |=}vO \}=QW =@ |v=@}DWB |=yQw=vW |R} Qxt=vQ@ |xr�Ut VywSB u}= QO
w |}=} QO C=U}U-=D u}@ p} wLD w |Q}oQ=@ u=mt= '|DWoQ@ u=} QH '|v=tR |xQHvB
|}xrLQtwO j}kO pL VwQ l} w OW pOt xQwO QO =yCmQL CN=wvm} `} RwD

=yCWwv=B
1. supply vessel planning problem (SVPP)
2. route
3. o�shore logistic
4. vehicle routing problem (VRP)
5. periodic
6. time windows
7. heterogeneous 
eet
8. simultaneous delivery and pickup
9. spread of departures
10. opening hours
11. Bulk
12. 
eet size and mix vehicle routing problems (FSMVRP)
13. Heterogeneous 
eet vehicle routing problem
14. Hokey
15. vehicle routing problemwith simultaneous pickup and delivery

and time windows
16. pickup and delivery problem with time windows
17. home health care logistic
18. Statoil
19. Campos Basin
20. discrete event
21. arctic
22. fuel supply vessel
23. Hellenic oil company
24. travelling salesman problem
25. voyage base model
26. Glover
27. Hansen
28. nearest neigbourhood
29. relocation
30. swap
31. current solution
32. �rst in �rst out
"CU= xOW x�=Q= "2"3 VN@ QO xm K}LY OOa |R} Qxt=vQ@ pOt R= |}=yC}OwOLt "33
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